Glaucoma is a progressive, multifactorial optic neuropathy characterised by acquired atrophy of the optic nerve due to the loss of retinal ganglion cells and their axons in the retina.
Imaging of the Retinal Nerve Fibre Layer with Spectral-domain Optical Coherence Tomography in Patients with Glaucoma
Glaucoma is a progressive, multifactorial optic neuropathy characterised by acquired atrophy of the optic nerve due to the loss of retinal ganglion cells and their axons in the retina. 1, 2 Thus, evaluation of the retinal nerve fibre layer (RNFL) is key to diagnosing and monitoring changes in patients with glaucoma.
Until recently, red-free fundus photographs were the clinical standard for evaluating the RNFL. Today, objective structural imaging instruments such as optical coherence tomography (OCT) are becoming standard for diagnosis and follow-up of glaucoma patients and glaucoma suspects.
The first OCT imaging studies of the human retina were reported in 1993. 3, 4 Since then, this technique has been rapidly adopted into clinical practice and is now one of the main diagnostic methods in ophthalmology.
The performance of OCT has constantly improved since its introduction and the latest generation, spectral-domain OCT, provides 3D images with a higher axial resolution than the previous OCT version, time-domain OCT. Increased scanning speed (>25,000
A-scans/second) allows spectral-domain OCT to obtain a 3D cube of data, and advances in light source technology have significantly enhanced axial and transverse resolution. The cube of data enables a far more extensive assessment of the peripapillary area including temporal-superior-nasal-inferior-temporal (TSNIT) RNFL profiles, en face RNFL images (fundus image) and optic nerve head (ONH) assessment. OCT is the only non-invasive method that enables physicians to obtain in vivo high-resolution cross-sectional images of the retina (see Figure 1 ).
Structural damage in glaucoma is mainly evaluated by assessing the peri-papillary RNFL thickness and ONH morphology. Most commercially available OCTs include the option to measure RNFL thickness from a single 3.4mm-diameter circular scan centred on the optic disc. The instrument automatically calculates RNFL thickness as the distance between the vitreoretinal interface and the RNFL posterior boundary. [5] [6] [7] However, very few OCTs also include a protocol for obtaining measurements of both the ONH and the RNFL in a single examination, because a high-density data sample must be scanned in order to support the different analyses (see Figure 2 ).
The diagnostic ability of time-domain OCT [8] [9] [10] [11] [12] [13] [14] 
Discussion
Accurate and reproducibly measured diagnostic parameters allow investigators to precisely evaluate changes over time. Typically, parameters are compared with an age-matched normative database, and OCT performance is related to its measurement variability.
Moreover, it is critical to understand the intra-and inter-test variability of each parameter when differentiating true changes in RNFL thickness from the instrument's inherent variability. The greater the variability of the device, the greater the pathological change must be for the test to detect disease progression. Imaging of the RNFL with Spectral-domain OCT in Patients with Glaucoma 27 The Stratus minus Cirrus difference is proportional to the RNFL thickness. For thinner RNFLs, the Stratus measurements tend to be thinner than the Cirrus measurements, whereas for thicker RNFL thicknesses, Stratus measurements tend to be thicker than Cirrus measurements. Nevertheless, these differences can be minimised by matching scan locations. 28 A limitation of the 3.4mm-diameter circle scan of the time-domain OCT is that results can differ from scan to scan because scan circle placement is operator-dependent. Moreover, sampling points can be scattered along the 3.4mm-diameter circle due to eye motion. Kim et al. 28 designed a matching algorithm to make time-domain OCT circular scan RNFL thickness measurements comparable to those from 3D spectral-domain OCT volumes. They observed that the RNFL thickness differences were significantly smaller when the scanning circle centre location between the two OCT generations was matched than when it was not matched. Scan location matching may allow for follow-up comparability across the two OCT generations.
Conclusions
Spectral-domain OCT provides many potential advantages for glaucoma diagnosis and follow-up. The axial resolution of commercially available units is currently close to 5µm, and research systems are approaching 2-3µm, which could lead to the detection of subtle changes in the RNFL and the optic disc and result in a better ability to detect disease progression (see Figure 3) . Moreover, the higher scan acquisition speed reduces artefacts and might help to obtain more accurate measurements, which also contributes to reduced measurement variability.
Higher image resolution will allow for improved segmentation of the retinal layers, leading to more accurate measurements. Focal loss of tissue, which occurs more often in the earlier stages of glaucoma, may be easier to identify. Thus, spectral-domain OCT can potentially acquire a greater sensitivity for early glaucoma diagnosis. 
